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»itractc

High resolution ISEE-3 daca have been uged to examine the relative abundances
! tangential (TD) vs. rotational (RD) discontinuities !n different types of solar
Ind flow. Three types of flow were examined; flow from coromal holes, sector
nndacy flow and transient flow. It has been found that coronal hole flow has
stscancially more digscontinuities and a greater ratio of RD's to TD's thanm do
le other types of flow. Discontinuities are least frequent in transient flows
leracterized by bidirectional streaming of electrons. This leads us to the
mclusion that meaningful studies of the velocity dependence of the rates of
icurrence of different zypes of discontinuties must take the type of flow (co.ro—
11 hole versus transient) into account,

itroduction

The relative abundan-e of Jdifferent types of hydromagneric disconcinuities
v yleld insight into the acceleraticn aad propagation of the soler wind (n
fferant types of solar wind flow. }igh numbers of tangential d{scontinuituus
D's) {n a flow nmisht indicate highly structured, perhaps fi{lamentary coronal
asma. High numbers »f rocational discontinuicies (RD's) might {mply strong
D wave acceleration of the solar wind.

For this -tudy three types of flow assoclated with different source regions
the sun were {denc!filed; they are floww from coronal holes, flow fu a (bhoundary)
yer about the current sheet dassoclated with coronal scresmers, ind tranglent
oW asaociated with coronal mass ejectiong., Coronal hole tlow can be classifled
typlcally high gpeed (D400 ku/sec), low denslty, low rtemperature flow, see
qure 1. Sector doundary tlow can be clasasified an vypleoally glow () km/sec),
nse, and cool flow, see Figure ¢, Transfent tlows can be high or low ygpeed

d are often assoclacd with enhanced abundances of helinm. [5EE=) maynetometroer
d plasma data from Avg., [9/8 to Feh, 1980 were uged 1o atwly the propertioeyg ot
e discontiautties within thesoe three typeg ot 1 low,

"nblishment of the Data Set s

Firat {6 was necegsary to anlect goetg of THEE data rhat could conttdently be
sdand to o a particular type ot tlowu, For coronal hole tlow the dgra o were
Llected by tdentttying coronal holen (o the Hectroheltaoveams ot SOAAN" s Solar



Jeophysical Data, see rigure 1. Only those coronal holes withia += 1J° Lf rthe
subspacecrart hellographlic latitude ware used. Jchromosphere Jbservations in the
nelium DI wavelenygrths were also :inspected for :oronal holes passing the solar
limb. Start,stop times for the Jdata were arrived 4t in the f{ollowing way: the
s0lar wind profile at | AU was mapped back to the sun assuminZ a coanstart radial
velocity, and the approximace leading and ctrailing odges or the coronal holes
were compared to those seen on the map. The start/stop times were corrected ac .3
AU by examining cre velocity, temperacure, number density and magnetic field
profiles mapped bac.. to .3 AU using the mapping method of Barouch [1977], whose
| -dimensional model removes the effects of interplanetary compression due to the
build up of fast streams overtaking slower ones. The J.3 AU profiles were searched
for distinct plasma streams occuring at approximately the right times. In all,
data from |0 coronal holes in the correct latitude range were collected, of which
J seem to be repeated apparitions of one hole, 2 repeaced apparitions of another
hole and one coincides wich a possible cxansienc and was discarded A total of
279 hours of coronal hole data were collected.

For coronal streamer flow we chose to study [low about the current sheet
:rossing since it is an even. that 1s easily idenctifiable in the data. Gosling et
1l. [1981] identified such regions as coronal streamer flow, a region of generally
11gh proton densicy, low temperature, but principally low spsed with uncharacter-
lstically low alpha abundance, separatipg areas of different magnecic polaricy on
:he sun, see Figure 2. Since the streamer flow is primarily a low velocity phe-
1omenon where the boundaries of the low cemperatures and high densities do not
lecessarily correspond with those of the low speed region, we identifiad as sec~-
.or boundary flow that within the low speed region. As a verificarion process the
aca were mapped to 0.3 AU to where witn the compression removed the boundaries
f the utream interface in the velocity data are sharper and batter defined. In
11, 711 hours of boundary flow were collectad.

Transients are the most difficulc to identify {n cthe solar wind btecause
here are no clear-cut solar-wind parameters unique to the flow. They can be any
peed and any density. They often have high magnectic fileld streogth and low
lasma beta. They are somet imesg associated with high alpha abundances (>3 %) and
idirectional streaming of electrons, with magnectic c¢lou : and coronal mass
Jections. DBecause of the lack of definitive {dencifying parameters, we chose two
eparate sets of transient data. The fi{rst set was exclusively assoclated with
(directional streaming from a lList complled by Cosling et al., (!987]. Tweuty of
ne lonyest of the Gosling events were chosen for this study, of wnlch, twn were
.scarded because they had cime intervals in common with 1 coronai nole or with
wctor flows. In all 18 events were used, comprising J42 hours of daca, A
tcond set of possible transient flow was complied by visual (nspecticon of 5
.nute averaged [SEE data for high alpha abundances (HAE's) (B J), This sample
maiseed of 1) {(otervals, totalling 222 hours of daca. Sowe or the translency
yerespounded with thove (dentifled by Zwickl oc al. 19831 qome 144 not,

ta Analysty

Onee the Jata were agsembled, an analvstd sas pertoraed agtar o comruater
de developed by Tyurutani and Smich {1979], which (dent tiies dfsconetautt tes tn
e {atecplanesary magnecic tield.  The criterta Yor chooating che diseonttont fes

re 4} that the magnecic t{eld change across the dscontinotry he at least halt
sreat an the largest ot the freld mugnfoades adjacent o che digeont foa e
4 b)) thae the vecrtor chamge be larger than the srat gt feal averapge ot @ hactaa-
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15 in a 3 minute interval preceeding and rollowing the dfiscontinuizv. The
tontinuicles thus chosen were hand edited to remove thick, wavelike changjes,
7ing only those discountinuitias that are sharp and well iefined. A atnimum
.ance analysis [Sonnerup and Cahill, 1967| was used determine the aormals co
discontinuities, which were then classified using the followiag criceria:

Rotational Sn/IBI >= 0.2 (IBL]/IBL < 0.2
Tangential Bn/IBI < 0.2 (IBI|/1BIL >= 0.2
Either Bn/IBI > 0.2 (IBL]/IBI < 0.2
Neither Bn/IBI > 0.2 (IBI]/IBL »>= 0.2

e Bn 13 che normal component of the magretic field vector, B, in the mini{mum
ance coordinat= system, and the square brackers denocte changes across the
ontinuity. For a more detailed discussion of these criteria see Neugebauer et
(1984]. The results of this analysis are listed in table l. The columns of
table show 1) the number of hours of data examined, 2) the number of discon-
ities found, J) the number of disconcinuities per hour, 4) the average spead
ach data sample, 5) the number of discontinuicies per unit discance in the
r vind frame, obtained by dividing the number of discontinuities per hour by
speed, and 6) the ratio of RD's to TD's.

Table 1
cvbs. #'s avg 's ratio
hrs #D's per hr vel per AU RD/TD
Covonal Hole Flow: 279 349 1.25 554 94 8.4
Boundary Fl w: 711 247 .35 324 45 3.0
Transient Flow
BDS eventgs: 3642 65 .19 465 17 i.8
HAE evenus: 222 104 A7 425 48 2.0

ssion

The regults of the analysis show that coronal holes have both the highest
ency of occurrence and the highest ratio of FD's to TD's, by nearly a factor
tre trom the next highest value. Transient flows have the lowest ratio of
to TD's., The transient flows asgoclated with bidirectlonal strecaming (BDS)
it nearly a facrtor of three fewer discontinuitiey than do those assoclated
HAE's buc a nearly identical ratioc of RD's to TD's.

Jur couclusions are that coronal hole flow scems to stand out 1§ 1 distcince
Dt flow as best Llludtrdated {n ¥iygure J. The nuwber & RD's per Al has been
ed vy, cthe number of TD's per Ali. ALL types ot 1low exhibit more RD's than
but coronal hole flow {s distlaquished from the rest by the alyh nuwber ot
per AU. I[f RD's in the yolur wind are created by the uteepening of MHD

in the fmmer corona, then our ceultys are conststent @ith o« mach Jreater
tceeleration fleld fn coronal holes than in other types or tlow. Ot the two
fent data sevs both lack the large numbers o BD'5 per AL seen ‘9 coronal

» thus wave acceleracion mavz not be faportant even for high speved rrans Lent



lows. The large percencade of TD's in the HAE data ser indicate thacr the helium
nriched part of a coronal mass ejecrtion may be nore filamentary than the nater-—
al originating higher in the corona. The Jdifference becween che HAE and 3DsS Jdata
ats emphasises the dirfficulcies in identifiying transient Ilow. The coincidence
f events assoclated with bidirectional streaming and ocher Iypes of f£low suggest

1at bidirectional screaming and the {nferred magnetic reconnection may aoc be
ascricted to transient events.
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Figure 3. The number of TD's per AU ver—
sus the number of RD's ner AU. 'ine solid
line indicates equal numbers of TD's and
RD's.
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